Excess extracellular and low intracellular glutamate in poorly differentiating wobbler astrocytes and astrocyte recovery in glutamine-depleted culture medium.
The wobbler mouse develops an inherited motoneuronal degeneration of unknown origin in the spinal cord. Primary cultures of adult wobbler spinal cord astrocytes display abnormal morphological characteristics with fewer processes and paucity of cell-cell contacts. We have searched for a possible involvement of glutamate and glutamine intra- and extracellular accumulations in vitro in the abnormal differentiation of mutant astrocytes. We have found significantly higher glutamate and glutamine concentrations in the culture media of mutant astrocytes over a 3-day period compared with normal control astrocytes. Moreover, intracellular glutamate concentrations decreased substantially in mutant astrocytes, but intracellular glutamine concentrations remained unchanged. Furthermore, decreasing initial glutamine concentrations in the culture medium (glutamine-depleted medium) led to the recovery of normal extra- and intracellular concentrations of glutamate and recovery of quasi-normal morphological differentiation and increased cell-cell contacts, leading to an essentially normal looking astrocyte network after 3 days of culture. Under these conditions, which lead to recovery, the only remaining abnormality was the higher glutamine extracellular concentration attained in the originally depleted glutamine media. These findings suggest that mechanisms regulating glutamate/glutamine synthesis and/or influx/efflux are defective in wobbler astrocytes, leading to metabolic imbalance and possible cytotoxic effects characterized by disturbed intercellular networks and poor differentiation.